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(57) Abstract 

In an access system, preferably a conditional access TV broadcasting system, a key in a receiver stores a table of see^ 
urity codes and at pre-determined times starts to use a new one of the codes in order to generate an authorisation key for 
permitting access. The key also preferably stores a start time indicative of the first time that the kjy was used, and a Idc- 
span indicative of the total duration for which it may be used. The lifespan is preferably shorter than the total penod for 
which the stored security codes are valid. 
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ACr.ESS SYSTEMS 



This invention relates to access systems in which 
access, e.g. to a service, a product or a location, is 
gained by means of an electronic key storing a security 
code. The invention is particularly but not exclusively 
concerned with conditional access television systems, 
e.g. for satellite broadcasting systems. 

Various proposals for conditional access television 
systems are described in the Journal of the Institution 
of Electronic and Radio Engineers, Vol. 55. No. n/12, 
pp.377 to 385, November/December 1985. Figure 1 on pkge 
382 illustrates one such system, in which a transmitter 
transniits scrambled television picture and sound slgn'als 
and encrypted control signals. In the receiver, the 
control signals are decrypted and used for descrambling 
the picture and sound signals. Decryption is carried out 
in a detachable sub-system (also referred to herein as a 
key). The sub-system stores a distribution key (also 
referred to herein as a security code) and a validation 
code which are combined to form an authorisation key used 
for decryption. The authorisation key corresponds to the 
one used In the transmitter for encrypting the control 
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signals. 

Each user would have a different distribution key 
stored, in his. detachable sub-system. Periodically, the 
cgntrol. computer alters the authorisation key, and, for 
each user who has paid his subscription, calculates a 
validation code from the new authorisation key and the 
user's distribution key. this validation code is broad- 
cast, and the user's detachable sub-system receives and 
stores the validation code. Accordingly, anyone who 
f-ail's to .pay his subscription will not have his valid- 
ation code renewed when the authorisation key is changed, 
and therefore, the sub-system will no longer be able to 
decrypt the control signals so that the picture and sound 
signals cannot be unscrambled. Such an arrangement 
requires transmission of a large number of codes, and 
thus if there are many subscribers a large bandwidth is 
needed. 

The above article also describes on page 38M an 
alternative pre-payraent system, in which each detachable 
sub-system has a stored credit value and a stored expiry 
date. Instead of paying subscriptions, a user will pay 
for the services , by buying a sub-.system. As the sub- 
system is used, the stbred credit value is decreased. 
VJhen it reaches zero, or the expiry date is reached, the 
sub-system can no longer be used. The article states 
that this system does hot require the use of validation 
codes. 
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Both the above techniques are subject to fraud, 
particularly by means of copy)-ng the sub-systems- It is 
proposed to mitigate this problem by making the sub- 
systems detachable and issuing new sub-systems when fraud 
is detected. However, this is an expensive solution, . aad . 
it would not always be apparent when replacement of sub- 
systems is required. 

According to one aspect of the present invention, a 
key for a controlled access system is operable to produce 
a security code to be used in determining whether access 
is provided to the system, wherein the key is operable to 
produce a different security code after a selected time. 

The key, which for example could be detachable, and 
which could form a sub-system for a controlled access 
pre-payraent television system, may be arranged so that 
the produced security code varies depending upon the 
current time (e.g. in dependence upon the date). The 
current time may be determined by signals generated by 
the television receiver, or by signals transmitted with a 

television signal. 

By periodically changing the security code, the 
opportunity for anyone fraudulently to copy the key is 
reduced, and the value of the copy is reduced because the 
key will no longer be effective after -the time at which ^ 
the security code is due to change. 
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In such a system, it is envisaged that at predeter- 
mined tinies, preferably separated by at least a day, and 
more preferably several days, the security codes being 
produced by all keys or sub-systems for decrypting 
control signals used' for descrambling television 
signals, and the code used by the transmitter to encrypt 
such control signals, would change in synchronism. 

The invention is preferably embodied in a pre- 
payment system* If th© system does not require the 
transmission of. validation codes, the arrangement may be 
such that, at any. given time, all the sub-systems used 
for receiving a particular broadcasting service generate 
the same security code. 

The invention also extends to systems which use 
transmitted validation codes, e.g. subscription systems. 
Each sub-system may have a unique identity code, so that 
validation codes . can be transmitted individually to the 
different sub-systems. In each sub-system, . the 
validation code and the stored security code are used 
together to form an authorisation key to enable access 
(e.g. to enable de-scrambling of broadcast signals). 
Because the sub-system is only effective for a limited 
duration, it is no longer necessary for the system to 
transmit signals to the individual sub-systems in order 
to maintain them operational, and, the end of the 
subscription, to disable them. Instead, the sub-system 
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autotnatically remains operational. throughout the 
subscription period, and is automatically disabled at the 
end of the subscription by virtue of the fact that it 
will no longer store a security code appropriate for' the 
current date. This substantially reduces the number of 
validation signals which need to be transmitted, and thus 
the bandwidth requirements are relaxed. 

A second aspect of the invention is concerned with a 
modification of this arrangement. According to this 
second aspect, an access system comprises a plurality of 
sub-systems, each storing a security code and each 
arranged to receive a validation code, each sub-system 
being operable to permit access on condition that an 
authorisation key derived from the validation code and 
the security code is deemed appropriate, wherein the sub- 
systems are divided into groups according to expiry date, 
and wherein sub-systems within a group having a common 
expiry date also have a common security code. In this 
case also, the number of signals needed to be transmitted 
can be greatly reduced as compared with the prior art. In 
the preferred embodiments, only a single validation code 
is transmitted for each user in order to render his sub- 
system operational. Further validation signals may be 
directed to the sub-system, e.g. to maintain it 
operational and/or to disable it at the expiry date, but 
the same signals " would be used by other sub-systems in 
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the same group, and therefore the total number of 

different signals needed to be transmitted is greatly 

reducisd . . 

Of cour3e in the above arrangements, as in the prior 
art, any signal which is transmitted is desirably . 
repeated at intervals over a period to ensure that it has 
been received properly by all the sub-systems to which it 
is directed... However, unlike prior art systems, it is not 
•necessary' for this, operation to be performed at regular 
intervals in ordbr to maintain individual sub-systems 
operational throughout the subscription period and 
individually to disable the sub-systems at the end of the 
subscription period. 

Arrangements embodying the invention will now be 
described with by way of example with reference to the 
accompanying drawing, in which: 

Figure 1 is a schematic block diagram of an access 
system in accordance with the invention. 

In the access system 2, which in this embodiment is 
a. TV broadcasting system, picture signals delivered along 
a path ^ are scrambled by a picture signal scrambler 6 
and then delivered to a transmitter 8. The transmitted 
signals are received by a receiver 10 which then delivers 
the scrambled picture signals to a descrambler 12. The 
descrambled picture signals are then presented to a - 
display lU. . . ' 
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The scrambler 6 scrambles the signals according to a 
code generated by a scrambling controller 16. The code is 
also delivered to an encrypter 18, which encrypts the 
codes in accordance with an authorisation key received 
from a control computer 20. The encrypted codes form 
control signals which are delivered to transmitter 8 and 
transmitted along with the transmitted picture signals 

A receiver 10 separates the encrypted control 
signals from the picture signals and delivers them to a 
key OP sub-system 22. Within the sub-system the control 
signals are delivered to a decrypter 2*1, In which they 
are decrypted in accordance with an access signal in the 
form of an authorisation key' received from a sub-system 
controller 26. Normally, the authorisation key generated 
by the sub-system controller 26 should correspond to that 
generated by the control computer 20, and hence the 
control signals can be decrypted by the decrypter 2ll, 
whereby they can be used by the descrambler 12 in order 
to descrarable the picture signals. Obviously sound 
signals can be treated in the same way. 

The control computer 20 receives a signal indicative 
of the current time and date from a clock 28. This signal 
is used to determine which address in a ' memory 30 is 
accessed in order to obtain the authorisation key sent to 
the encrypter 18. The memory 30 stores ■ a substantial 
number of authorisation keys which are used in 
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succession. By way of example, a new authorisation key 
may be used once a month. 

In the sub-system 22, a. signal indicative of the 
current time is delivered to the controller 26 on line 
•31; This signal may be generated, by a clock in the 
receiving installation, or may be derived from signals 
transmitted by the transmitter 8. The controller 26 uses 
the time signal to determine which location in an author- 
isation key store 32 is read to derive the authorisation 
key sent to the decrypter 2^*. 

The memory 32 stores a limited number of 
authorisation keys corresponding to those generated by 
the computer 20 over a limited period. Accordingly, once 
this period has expired, the sub-system 22 is no longer 
operable to enable correct descrambling of the picture 
signals. 

In a simple embodiment, the period over which the 
sub-system 22 is useful is governed solely by what 
authorisation keys are stored in memory 32. Preferably, 
however, the sub-system 22 stores further information 
which places additional restrictions on the useful life 
of the sub-system 22. This further Information may also 
be contained in the memory .32, and may include any or all 
of the following: 

(1) An expiry date. The controller 26 can compare this 
with the current date and not permit accessing of an 
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authorisation key if the current date is later than 
the expiry date. 

(2) - A start date: The controller 26 would" compare this 

with the current time, and prevent the reading out 
of authorisation keys if the current time is prior 
to the start date. The start date could be 
programmed into the sub-system by the supplier. 

(3) A lifespan. The controller would check whether the 
sub-system has been used for a period longer than 
the lifespan, and if so would prevent reading out of 
the authorisation keys, To achieve this, the sub- 
system would record the time at which it was first 
used. This could be accomplished by using the 
programmed start date referred to in paragraph (2). 
Alternatively, the sub-system could be arranged 
automatically to record the time at which it is 
first used. 

The advantages of such an arrangement are that it 
allows essentially the same sub-system to be used in 
different circumstances, e.g. to cover different periods 
of use. For example, the sub-system could contain author- 
isation keys suitable for a period of 15 months, together 
with a lifespan of 12 months. This would allow the sub- 
system to have a shelf life of 3 months within which it 
could be purchased and still provide 12 months of use. If 
the lifespan, start date, and/or expiry date are 
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programmable by the supplier he will be able to determine 
the periods for which the sub-system may be used. These 
parameters are preferably stored in the form of units 
corres ponding to the period between changes in 
authorisation key by the control computer 20. For example 
the start date could be recorded as the value "U" if the 
first authorisation key to be used by the sub-system is 
that corresponding to the fourth time period for which 
the authorisation keys stored in memory 32 are valid. 

It will be understood that a system according to the 
present invention, has the advantage over the prior art 
pre-payment system described above, in that there is a 
risk that the prior art system could be »» fooled" into 
thinking that the expiry date has not yet been reached by 
interfering with the signals supplied to the sub-system 
which are. intended to indicate the current time. In the 
present system, this would result in the sub-system, 
producing the wrong security code, . so that fraudulent 
reception of the service could not be achieved by this 
means . 

In addition to or instead of the authorisation keys 
being selected according to the current date, means are 
preferably provided to determine" whether an 
authorisation key is valid so that the controller 26 
could perform a search operation in which authorisation 
keys are succesively. selected until the correct one is 
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chosen. To this end, an encrypted version of the correct 
authorisation key could be transmitted, and the sub- 
system could compare the decrypted version with " its 
generated authorisation key to determine if the latter is 
valid. 

Also or alternatively, a different authorisation 
key could be selected in response to a command broadcast 
by the transmitter 8. Accordingly, if it is found that 
the security system has been breached and that fraudulent 
access is being gained to the system, the security codes 
can be changed without requiring the users* sub-systems 
to be returned to a distributor and without requiring new 
sub-systems to be issued. 

It is desirable that successive security codes 
produced by a key or sub^system have no readily 
descernible relationship between them. The key may be 
arranged to look up the security code (or a value which 
is used to calculate the security code) in a stored 
table, the look up location being determined at least in 
part by the current time. Alternatively, the key could 
be arranged to generate the security code using an 
algorithm dependent at least in part upon the current 
time. It is however preferred that the security codes be 
produced using a look-up table, because using an 
algorithm to generate the security codes results in a 
risk that the algorithm will be discovered to enable the 
fraudulent generation of security codes. 
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In an alternative embodiment the authorisation key 
sent by the controller 26 to' the decrypter 24 is 
determined in dependence on both a security code accessed 
from the memory 32 and a validation code stored in a 
further memory 3**- This validation code has been derived ' 
from the control signals transmitted by the transmitter 
8. The validation codes . are transmitted to. individual 
sub-systems. For this purpose they are transmitted along 
with addresses which, correspond to unique Identification 
numbers stored in the sub-systems. Accordingly, as is per 
se known: in the aftr the memory 34 will receive only the 
validation code which is appropriate for the particular 
sub-system for which, it is installed. The validation 
code is generated by the control computer 20 prior to 
transmission, and for this purpose a database 36 storing 
customer details and sub-system identification numbers 
is used. ' . 

In a further alternative, instead of each 
individual sub-system having a unique security code, the 
sub-systems can be arranged in groups sharing a common 
security code. Preferably, the sub-systems are divided 
into groups according to expiry date, and sub-systems 
within the same group use a common security code at any 
given time. The security code is combined with a 
validation code stored in the memory 3** to generate the 
authorisation key. An individual validation code is 
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transnitted to a user when he first starts to use the 
sub-system to render his sub-system operational. 
Thereafter group messages are sent at regular intervals 
to all sub-systems having the same expiry date to 
maintain them operational, e.g. by transmitting the 
validation code appropriate for the next period. The 
messages are the same for all sub-systems with'in the 
group, and different from those sent to other groups. As 
the expiry date for a group approaches, no further 
enabling messages are sent to that group- 

Similarily, the sub-systems could be divided or sub- 
divided geographically, such that sub-systems for use In 
the same geographical area have the same security code. 

In a still further modification, instead of all sub- 
systems storing corresponding tables of security codes, 
each stores .only a single security code which is common 
to the group. 

The sub-systems described, above could be easily 
modified to store a conventional security code in 
addition to the security codes referred to above so that 
the same sub-system can be used in a conventional manner 
for reception of one channel and in one of the ways 
described above for reception of another channel. 

If validation codes are transmitted, they can 
contain information used to control the manner in which 
access is provided. For example, they could control which 
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channels the sub-system- is enabled for, and specific 

periods within which to enable them. Alternatively, they 

could contain keys used to decipher transmitted control 

signals determining the manner of access. 

The decrypter 2^ shown in Figure 1 could 

alternatively lie outside the sub-system 22, 

In pre-payment conditional access s/stens, it has . . 

been proposed that the sub-system should provide a signal 
in dependence upon whether there is any remaining. credit 
stored in the sub-system, and an enabling signal which' is 
used only if the credit-indicating signal is present for 
enabling access, e.g. by descrambling broadcast tele- 
vision systems. According to another aspect of the 
present invention there is provided a conditional access 
system in which a key or sub-system is operable to 
generate enabling signals for enabling access only on, 
condition that the sub-system stores a credit value. 

■'•Thus, once the credit reaches zero, no enabling signals 
are generated and fraudulent access cannot be achieved by 
generating a false credit-indicating signal* For this 
purpose, the sub-system 22 of Figure 1 stores a credit 
value (e-g. in memory 32) which is automatically 
.decreaented as the sub-system is used, and the controller 
26 accesses a security code only if the value is greater 
than zero- • . 
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The sub-system 22 is shown in Figure 1 as having 
several functional blocks, including controller 26, 
decrypter 2U, memory 32. and, optionally, memory 3^- . 
Although each of these blocks can be formed by respective- 
circuits, it is preferred that the sub-system be formed 
by a microprocessor having a single memory and arranged 
to perform all the necessary functions. Thus, the access 
signal could be a multi-bit word transmitted to a 
decrypter, or couldj simply be a stored- data value used by 
the microprocessor in performing a decryption function. 

Although the present invention has been described 
primarily in connection with a sub-system which generates 
an authorisation key for decrypting control signals 
transmitted with a television signal, other techniques 
are; possible. The control signals may be generated 
locally, rather than being broadcast by the television 
signal transmitter, or the signals frbm the sub-system 
could be used directly for descrambling television 
signals rather than decrypting control signals which are 
then used for descrambling. The authorisation keys 
produced by the sub-system may be used for other purposes 
than descrambling. In . addition to satellite 
broadcasting, the invention is useful also in terrestrial 
broadcasting and cable systems. 

• Of course the invention is also applicable to 
systems other than broadcasting systems. For example, 
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the system could be used for controlling access to 
buildings, computers e.t.c. It is particularly useful 
where access is dependent upon the current time, e.g. for 
shift workers,, because the security code produced by the 
key may be selected according to the current time. 

It is preferred that the key or sub-system described 
above be detachable, and preferably portable- Devices 
which are particularly suitable for use as the key are 
the tokens desfcribed in published patent applications. GB^- 
A-21 53128 and GB-A-2196.450 and GB patent application 
8626233. However, some aspects of the inventioh are 
useful also with non-detachable sub-systems. 
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CLAIMS: 

1. A key for a controlled access system, the key being 
operable to produce a security code to be used in 
determining whether access is provided to the system, 
wherein the key is operable to produce a different 
security code after a selected time. 

2. A key as claimed in claim 1, including means 
responsive to a signal Indicative of the current time for 
determining the security code to be generated. 

3. A key as claimed in claim 1 or claim 2, including a 
memory storing a plurality of selectable security codes. 

1. A key as claimed in any preceding claim, the key 
being operable to determine whether the produced security 
code is valid, and if not to produce said different 
security code. 

5. A key as claimed in any preceding claim, the key 
storing data determining a duration within which it is 
operable to produce a security code of a type which 
permits access. 
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6. A key as claimed in' any preceding claim, the key being 
automatically operable to store an indication of the time at 
which it first generated a security code permitting access. 

7. An access system having a key as claimed in any preceding 
claifflii 

8. An access system as claimed in claim 7, comprising a 
distribution station and a plurality of receiving stations, 
each having a respective key as claimed in any one of claims 1 
to 6- 

9. An access system as claimed in claim 8, wherein each key 
is operable to generate an authorisation key signal 
determining whether access is provided and dependent on both a 
security code anci a validation code received from the 
distribution station. 

to. An access system as claimed in claim 9» wherein the keys 
are divided into groups within each of which the keys have a 
respective common expiry date and a respective common security 
code. 
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11. An access system comprising a distribution station and a 
plurality of receiving stations each having a respective key 
for selectively permitting access to the system in dependence 
on -whether or not an authorisation key signal generated by the 
key is appropriate, wherein the authorisation key signal is 
determined in dependence on both a validation code received 
from the distribution station and a security code, amd wherein 
the keys are divided into groups within each of which the keys 
have a respective common expiry date and a respective common 
security code. 

12. An access system as claimed in any one of claims 8 to Tl , 
wherein the distribution station is a TV broadcasting station, 
and wherein each receiving station is operable to unscramble 
picture signals on condition that the respective key generates 
an access signal permitting access tO; the system- 

13. An access system substantially as herein described with 
reference to the accompanying drawing. 
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